Abstract
Introduction
Nowadays, at a time of economic and debt crisis, many European Union member countries are exposed to the large complex of negative implications of recession, peaking rates of unemployment, increased public debt burden as well as worsen conditions to maintain fiscal sustainability. Moreover, increased uncertainty on the financial markets resulted in higher volatility of market prices/rates reduces predictability of market trends, even in the short period. As a result, increased instability of exchange rates seems to be inevitable but painful implication (Stavarek, 2012) . Due to many external causes countries experienced sudden changes in determination potential of exchanges rate (Bratu, 2011) especially toward key aspects of macroeconomic performance in countries under flexible exchange rate arrangements.
One of the most controversial implications of different exchange rate arrangements is addressed to their appropriateness and sustainability in countries at different stage of business cycle in short period while reflecting the overall macroeconomic performance (Obstfeld, 1985) . Wide range of such implications became highly discussed especially in the group of countries (so called European transition economies 1 which entered the European Union in 2004 (Damian, 2011) . It may seem that fixed versus flexible exchange rates dilemma during the period of 
where t X represents x 1 n a vector including endogenous variables of the model, () AL is a x nn polynomial consisting of the matrices of coefficients to be estimated in the lag operator L representing the relationship among variables on the lagged values, t ε is x 1 n vector of identically normally distributed, serially uncorrelated and mutually orthogonal errors (white noise disturbances that represent the unexplained movements in the variables, reflecting the influence of exogenous shocks): (1) are not directly observable due to the complexity of information included in true form VAR residuals. At the same time, the shocks in the reduced form are likely to be correlated so they cannot be considered as true structural shocks. As a result, structural shocks cannot by correctly identified. It is than necessary to transform true model into following reduced form 
where () CL is the polynomial of matrices with coefficients representing the relationship among variables on the lagged values and t e is a x 1 n vector of normally distributed errors (shocks in reduced form) that are serially uncorrelated but not necessarily orthogonal: As we have already noted at the beginning of this section structural VAR (SVAR) approach, is based on decomposing a series into its permanent and temporary components. It imposes long-run restrictions to the reduced-form VAR model. Identification scheme in the SVAR models reflects a long-run neutrality assumption so that we expect the cumulative effect of a certain shock on the certain endogenous variable development is zero.
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In order to correctly identify the VAR model we have to impose fifteen restrictions. The number of long-run identifying restrictions is given by the simple equation n(n+1)/2, where n denotes the number of endogenous variables of the model. Five restrictions we obtain by normalizing the original matrix. Ten remaining long-run restrictions are identified as follows:
• demand shock does not have permanent effect on money supply (1), inflation (2), real exchange rate (3), • liquidity shock does not have permanent effect on real output (4), real exchange rate (5), • inflation shock does not have permanent effect on real output (6), money supply (7), real exchange rate (8), • monetary policy shock does not have permanent effect on money supply (9), real exchange rate (10). Estimated SVAR model is used to compute impulse response functions to analyze responses of short-term nominal interest rates to the one standard deviation structural shocks in European transition economies.
Data and Results
We employed monthly data for period 2000M1-2007M12 (model A) consisting of 96 observations and period 2000M1-2013M12 (model B) consisting of 168 observations for the following endogenous variables -industrial production 2 (nominal volume of the industrial product deflated by averaged PPI), money supply (monetary aggregate M2), inflation (core inflation), short-term nominal interest rates (interbank offered rates with 3 months maturity 3 ), real exchange rate (real effective exchange rate) and balance of payment's current account.
Estimation of two models is in line with the primary objective of the paper to estimate the responses of the short-term nominal interest rates to the demand, liquidity, inflation, monetary policy and exchange rate structural shocks considering possible implications of the crisis period on presented results. Time series for all endogenous variables were drawn from IMF database (International Financial Statistics, October 2014) . Time series for industrial production, money supply and inflation were seasonally adjusted. In general, positive demand shock was followed by an increase in the interest rates in all countries from the group. However, we observed interesting differences among countries according to the detailed characteristics in interest rates response patterns. Leading path of the interest rates responsiveness revealed crucial implications of exchange rate arrangements in European transition economies.
In countries with pegged exchange rate regimes (exchange rate serving as the nominal anchor) it seems that interest rates were slightly more vulnerable to the unexpected demand shock. As a result, positive one standard deviation demand shock was followed by the dynamic interest rate increase during first four months after the shock. After reaching its culminating point, interest rates steadily decreased back to their pre-shock levels. However, we examined some differences in the speed of convergence toward long-run equilibrium. Nevertheless, negative effect of the demand shock on the short-term interest rates continuously weakened in the long run and thus revealed its long-run neutrality on the interest rates variability.
Key features in the short-term interest rates responsiveness pattern in countries with flexible exchange rate arrangements seem to be similar to those of countries with exchange rate nominal anchor. However, we observed some crucial differences in the short-term interest rates response patterns. Countries with flexible exchange rate regimes experienced, in general, less intensive increase in the short-term interest rates after positive one standard deviation demand shock. Negative effect of the demand shock culminated, similarly, within one year after the shock. At the same time, effect of the shock seems to be less durable and it generally died out till the end of the tenth month since the shock.
In both groups of countries the demand shock has just a temporary effect on the shortterm interest rates and resulted in long-term neutrality of the shock. As a result, our analysis of the short-term interest rates responsiveness to the positive demand shock did not provide clear evidence about postulated empirical expectation about its permanent effects on the nominal interest rates. However, negative effect of the demand shock seems to be much more persistent and durable in countries that conducted monetary policy based on nominal exchange rate anchoring. We suggest that higher persistency of the interest rates increase is associated with stabilization effects of higher interest rates according to the distorting effects of demand shocks on the exchange rate stability.
We suggest that less dynamic response of the short-term interest rates to the demand shock in countries with flexible exchange rate arrangements originates in associated exchange rate adjustments followed by the demand shock that intensified the process of convergence toward equilibrium restoration and thus put less intensive pressure on the interest rates increase. Exchange rate flexibility seems to be a convenient precondition for the nominal interest rates stability.
Crisis period affected responsiveness of the short-term interest rates to the positive one standard deviation demand shock. While the overall dynamics of the short-term interest rates increase seems to be comparable during both pre-crisis and extended periods in both groups of countries, detailed investigation of the response patterns revealed some crucial implications of the crisis period. Immediate response of the short-term interest rates in the group of "peggers" slightly increased. As a result, the negative impact of the demand shock culminated earlier (within first 2-3 months) while its effect on the short-term interest rates died out much faster.
On the other hand, the positive demand shock was followed by the moderate though much more durable interest rates increase in the group of "floaters". However, in countries with large economies (Poland and Romania) a durability of the demand shock was generally lower in comparison with the rest of countries from the group. It seems that the crisis period was associated with distortionary effects that affected the interest rates variability across countries with different exchange rate arrangements. In general, positive liquidity shock was followed by a decrease in the interest rates in all countries from the group. However, we observed some interesting differences among countries according to the detailed characteristics in interest rates response patterns. In the group of countries with rigid exchange rate arrangement the positive liquidity shock caused a moderate decrease in the interest rates with less dynamic loading phase.
Negative effect of the shock culminated till the end of the first quarter and was followed by a steady convergence toward pre-shock levels. It seems that short-term nominal interest rates in countries with a nominal exchange rate anchor are less exposed to the liquidity shocks due to their high vulnerability to external (current account 4 ) economic imbalances.
We suggest that effects of the liquidity shocks in our sample of countries with nominal exchange rate anchor are thus channeled more likely to the external (current account) disequilibrium. As a result, associated nominal interest rates adjustments are less dynamic, moderate and temporary. Negative effect of the nominal shock to the short-term nominal interest rates died out within one year.
While the similar scenario in the identified nominal interest rates responsiveness to the positive liquidity shock was also observed in the group of countries with flexible exchange rate arrangements, we examined some key differences in the response patterns. Initial load of the shock's effect was intensified revealing more dynamic immediate responsiveness of the nominal interest rates to the liquidity shock in this group of countries. Short-term path of the response patterns also revealed slightly reduced loading phase of negative effect to the nominal interest rates (effect of the shock culminated within 2-3 month since the shock). At the same, the overall durability of negative effect of the liquidity shock to the nominal interest rates was slightly reduced. Main effect of the liquidity shock in the group of "floaters" was less durable and it died out till the end of the eight month. However, negative (though small) effect of the shock in the long-run period never completely died out in most countries from group. As a result, liquidity shock seems to have a permanent effect on the nominal interest rates in countries with flexible exchange rate regime.
Crisis period affected responsiveness of the short-term interest rates to the positive one standard deviation liquidity shock. In general, the overall responsiveness of the nominal interest rates to the positive liquidity shock in countries with rigid exchange rate regimes seems to be reduced. Both intensity as well as durability of the short-term responses of interest rates decreased. It seems that, to some extent, effects of liquidity shocks and associated interest rates adjustments in countries with nominal exchange rate anchoring were diverted through the crisis intensified process of the cross-country expenditure/capital shifting. As a result, the overall responsiveness of the nominal interest rates to the liquidity shock in this group of countries decreased.
At the same time, we examined slightly increased durability in the nominal interest rates response to the liquidity shock in the group of countries with flexible exchange rate arrangement. Mixed results were obtained considering the overall intensity in the nominal interest rates decrease followed by the liquidity shock. Especially in countries with large economies the loading phase of the interest rates decrease followed by the liquidity shock was generally lower in comparison with the rest of countries from the group. Long-run effect of the liquidity shock according to the short-term interest rates seems to be neutral in all ten European transition economies. We suggest that the crisis period in countries with flexible exchange rate arrangement intensified a durability of interest rate vulnerability to the liquidity shocks due to generally lower cross-country exchanging affected by demand contraction followed by increased exchange rate volatility. Note: Curves represent responses of interest rates (IR) to the positive one standard deviation inflation shock in each country from the group of European transition economies. Source: Author's calculation.
Inflation shock was followed by an interest rate increase in all countries though we observed some notable differences in the interest rate response patterns according to the employed exchange rate arrangement.
Positive inflation shock in the model with time series for a pre-crisis period was followed by an immediate increase in interest rates in countries that employed nominal exchange rate anchoring. Despite some minor differences among individual countries from this group, an immediate negative effect on the short-term nominal interest rates culminated within first three months since the inflation shock hit the model. After this period an initial effect of the shock continuously and steadily weakened and it completely died out during the first half of the second year since the shock. Immediate increase of the short-term interest rates to the inflation shock reveals their high vulnerability to the unexpected inflation pressures.
We suggest that higher responsiveness of the short-term interest rates to the inflation pressures under pegged exchange rate regime is caused by increased role of interest rates in maintaining price stability when nominal exchange rate anchoring is adopted. As a result, immediate interest rates increase followed by inflation pressures strengthening should prevent monetary instability and thus help to preserve exchange rate stability.
On the other hand, in the group of countries with flexible exchange rate arrangement we observed slightly different pattern in the short-term nominal interest rates responsiveness to the unexpected inflation shock. Contrary to our finding for the group of "peggers" it seems that nominal interest rates responded to the positive inflation shock with around one month lag. Negative effect of the shock then steadily strengthened and it culminated at the end of the forth month.
While in the group of countries with pegged exchange rate arrangement the long-run effect of the inflation shock to the short-term nominal interest rates leading path seems to be neutral, in countries with smaller economies (Central European countries) from the group of "floaters" the negative effect of the inflation shock seems to be quite persisting even in the long run. We suggest that exchange rate flexibility together with high external openness represents more challenging combination of crucial determinants for monetary authorities that affects the overall price stability in comparison with countries employing pegged exchange rate regime.
It seems that for countries with flexible exchange rate arrangement combined with inflation targeting it is necessary to determine interest rate curve on both short-term and longterm sides to preserve price stability and meet the inflation target. As a result, unexpected positive inflation shock (unexpected increase in inflation) may cause a permanent increase in the short-term nominal interest rates with subsequent negative effects to the long-term interest rates.
Crisis period affected responsiveness of the short-term interest rates to the positive one standard deviation inflation shock in both groups of countries. In countries with pegged exchange rate regime the overall responsiveness of the short-term interest rates increased in the model with time series for extended period. Alongside an increased immediate response of the short-term interest rates to the inflation shock in countries with nominal exchange rate anchoring we also investigated slightly ambiguous results about the durability of the grown effect in interest rates. Overall effect of the inflation shock in the short-term interest rates leading path seems to be neutral. That is why we suggest that mixed results about the time necessary for a negative effect of the inflation shock to completely die out and interest rates to return to their pre-shock levels (according to the results for a pre-crisis period) refer to the spurious implications of the crisis period.
Different patterns in the short-term interest rates responsiveness to the inflation shock during the crisis period was also investigated in the group of countries with flexible exchange rate arrangement. In comparison with the pre-crisis period our results suggest that there is slightly reduced dynamic in the short-term interest rates response during the initial loading phase. On the other hand, we have identified increased medium-term interference between the inflation shock and short-term interest rates. It seems that negative effect of the inflation shock is more durable during the crisis period in most of countries from the group of "peggers". However, despite higher mid-term responsiveness of the short-term interest rates to the inflation shock in these countries we found that the effects of the shock seem to be neutral in the long-run period. As a result, the short-term interest rates tend to converge to their pre-shock levels (though with a different dynamic) and the effect of the shock completely died out in the long-run period. Monetary policy shock was followed by an immediate nominal interest rates increase in all ten countries though we examined some differences in the short-term interest rates response patterns according to the exchange rate regime that was employed by individual countries.
As a direct response to the positive monetary policy shock, short-term interest rates immediately increased in countries with pegged exchange rate arrangement. Our results thus reveal high responsiveness of interest rates to the discretionary changes in the monetary policy stance. On the other hand, initial dynamic response of the short-term interest rates culminated within first two months and then steadily decreased. However, the overall effect of the monetary policy shock did not completely died out, even in the long-run period that is why we consider its effect on the short-term interest rates as permanent. It seems that interest rates adjustments combined with their flexibility in the short run and stability in the long run are crucial for maintaining exchange rate stability and thus pegged exchange rate arrangement sustainability.
We provided clear evidence that discretionary changes in the interest rates (proxied in our model by the unexpected monetary policy shock) in countries with nominal exchange rate anchoring are followed by immediate and dynamic increase in the short-term interest rates while the reduced effect of the shock seems to be generally persisting even permanent in the long-run period.
Similar scenario was investigated in countries with flexible exchange rate arrangement. However, we observed some distinct differences in the short-term interest rates response patterns. Positive monetary policy shock was followed by the immediate short-term interest rates increase in countries with relative exchange rate flexibility (in this case results are quite similar in both groups -"peggers" and "floaters"). The effect of the shock culminated similarly within first two months after the shock. The only difference was examined in case of Poland where the short-term interest rates steadily decreased immediately after the initial increase. Following the initial negative response to the monetary policy shock, the short-term interest rates steadily and continuously decreased. Convergence toward pre-shock levels is clear with increasing lag. As a result, effect of the monetary policy shock to the nominal short-term interest rates is just a temporary and thus neutral in the long run in countries with flexible exchange rate arrangement.
Crisis period affected responsiveness of the short-term interest rates to the positive one standard deviation monetary policy shock in both groups of countries. The overall effect of the shock clearly changed in countries with nominal exchange rate anchoring especially in the short run. Immediate response of the short-term interest rates was slightly reduced. As a result, we observed less dynamic increase in the interest rates within the period of first two month since the shock hit the model. Initial effect of the shock then subsequently decreased and the negative effect of the monetary policy shock was steadily reduced over time. However, the short-term interest rates never fully converged back to their pre-shock levels. Effect of the shock seems to be permanent (similarly just like in the model A with pre-crisis data).
Responses of the short-term interest rates in countries with flexible exchange rate arrangement in the model for extended period seem to be also affected by the effects of the crisis period. However, we observed just a minor change in the overall response pattern of the shortterm interest rates in the individual countries. While the overall intensity of the immediate change in the interest rates, in comparison with the pre-crisis period, seems to be just a negligible, subsequent converging path toward pre-shock levels is slightly lagged. As a result, the overall durability of the negative effect of the monetary policy shock to the nominal shortterm interest rates slightly increased revealing higher medium-term responsiveness of short-term interest rates to the unexpected discretionary changes (in the key interest rates) conducted by monetary authorities. Short-term interest rates seem to be neutral to the effects of the monetary policy shock in the long run because the negative effect of the shock steadily died out and interest rates retuned back to their pre-shock levels in all countries from the group. Note: Curves represent responses of interest rates (IR) to the positive one standard deviation exchange rate shock in each country from the group of European transition economies. Source: Author's calculation.
Exchange rate shock was followed by an immediate interest rates decrease in all ten countries from both groups. However, we observed some differences in short-term and long-term response patterns according to the relative diversity in the adopted exchange rate regime in individual countries.
In countries with the nominal exchange rate anchoring we investigated that positive exchange rate shock (exchange rate appreciation) was followed by the interest rate drop with around one month lag. However, we observed some different patterns with regard to the intensity of the interest rate decrease even among countries from the same group ("peggers"). Regardless of this it seems that the short-term interest rates are likely to be responsive to the unexpected exchange rate shocks in countries with the nominal exchange rate targeting.
Initial dynamic decrease in interest rates followed by the exchange rate shock culminated during the second month since the shock. After reaching the peak, interest rates tend to converge to their pre-shock levels following the path of steady and continuous though slight increase. However, the speed of interest rates adjustment in the medium term differs. As a result, the overall effect of the positive exchange rate shock was neutralized between tenth (Estonia and Latvia), eighteenth (Lithuania) and twenty-fourth (Bulgaria) month since the shock in group of countries with pegged exchange rate regime.
Following our results we suggest that high short-term (or even immediate) responsiveness of interest rates to the unexpected exchange rate shocks in countries with exchange rate targeting is associated with an increased stabilization role of interest rates to maintain exchange rate stability affected by the exchange rate volatility (i.e. due to exchange rate shocks). Immediate higher responses of short-term interest rates in these countries should operate as a convenient vehicle to support the exchange rate on its way back to per-shock equilibrium levels.
Quite different response patterns of the short-term interest rates to the positive exchange rate shock were observed in the group of countries with flexible exchange rate arrangement. In comparison with the previous group of countries it seems that the immediate responsiveness of interest rates is lagged (by one to three months). Initial load of the exchange rate effect to the short-term interest rates is quite moderate. Interest rates reacted to the unexpected exchange rate shock by a moderate decrease. Effect of the shock intensified during next months. Despite relatively similar features in immediate responses of the short-term interest rates to the positive exchange rate shock in countries with flexible exchange rate arrangement we observed some differences in medium-term responsiveness patterns among individual countries.
Negative effect of the exchange rate shock to the short-term interest rates leading path completely died out within one year after the shock only in Poland. In remaining countries we observed longer response path on the way to the pre-shock equilibrium. As a result, interest rates returned back to their pre-shock levels till end of the second year since the shock hit the model in Hungary, Romania and Slovak Republic. However, negative effect of the exchange rate shock to the short-term interest rates seems to be permanent even in the long run in the Czech Republic and Slovenia.
We suggest that lower immediate responsiveness of interest rates to the unexpected exchange rate shock in countries with flexible exchange rate arrangement results from generally expected interest rates response patterns under interest rate parity conditions. As a result, interest rate differentials affect associated exchange rate adjustments in the medium-term horizons that is why the overall effects of exchange rate shock on interest rates are more durable under flexible exchange rates.
Crisis period affected substantial features in short-term interest rates responsiveness to the unexpected positive exchange rate shock in countries with nominal exchange rate anchoring. Differences in the immediate effects of the shock seem to be biased (in comparison with model A) according to the intensity of the response patterns within first three months. Immediate response path reflects slightly higher vulnerability of interest rates to the shock in some countries, though in some cases it does not change. However, we observed clear reduction in the overall durability of the immediate effect of the shock. As a result, interest rates converged to their pre-shock levels within reduced time period in all countries from the group but Bulgaria (though medium-term interest rate response trajectory reveals slightly reduced vulnerability). At the same time, we investigated increased volatility of interest rates on their medium-term converging path toward long-run equilibrium. Finally, effects of the exchange rate shock died out in the long run and thus short-term interest rates are neutral to the distorting effect of the shock.
Different patterns in the short-term interest rates responsiveness to the exchange rate shock during the crisis period was also recognized in the group of countries with flexible exchange rate regime. Following our results we realize that in comparison with the pre-crisis period there is slightly reduced lag in the immediate response (within first three months) of interest rates during the initial loading phase. At the same time, short-term responsiveness of interest rate clearly increased in all countries from the group of "floaters" emphasizing increased role of the short-term interest rate differentials for exchange rate determination under expectation of higher uncertainty.
The overall durability of the exchange rate shock related interest rate effects slightly increased in all countries. However, similarly to our results for the model with a pre-crisis time series, we received mixed results about the overall durability of the exchange rate shock. The negative effect of the shock seems to be permanent in the Czech Republic, Poland, Slovenia and Slovak Republic while it is just a temporary in Hungary and Romania.
Conclusion
Estimated results of the interest rates impulse-response functions revealed quite distorting effects of the unexpected exchange rate shock to the responsiveness and durability of short-term interest rates according to the employed exchange rate regime as well as baseline period. We suggest that a relative diversity in results according to the exchange rate arrangement provides important evidence about crucial patterns of adjustment processes under fixed and flexible exchange rates. Our results thus may be contributive to the discussion about side effects associated with the process of monetary integration of European transition economies. On the other hand, comparison of results for pre-crisis and extended periods revealed unique crisis related effects. However, origins of examined crisis related effects in the area of the interest rates determination and distortions in particular contribution of identified shocks to the interest rates leading path may be a subject of further investigation and academic discussion.
Crisis period affected responses of nominal interest rates to demand shocks in both groups of countries. In general, we observed some different short-term interest rates responsiveness patterns in both groups of countries. It seems that responses of interest rates to structural shocks during the crisis period follow different path according to their initial change as well as following adjustment on the way to their long-run equilibrium. Observed changes in the interest rates responsiveness patterns differ not only according to the baseline period but also from the exchange rate arrangement perspective. Our investigation and estimated results thus highlight both crisis related implications in the area of the short-term interest rates determination as well as exchange rate arrangement bias (i.e. fixed versus flexible exchange rates dilemma) particularly in countries from the past Eastern block (European transition economies).
